Abstract: Hypothyroidism is a common disorder of endocrine system in which the thyroid gland does not produce enough thyroid hormone. The most common cause of hypothyroidism is inflammation of the thyroid gland, which damages the gland's cells. It can affect growth, cellular processes and many other body functions. As more damage accumulates, the risk of hypothyroidism increases. The molecular processes, mutations activating the dominant cellular genes and structure-function relationships of TSH permitted better understanding of the role of specific protein and carbohydrate domains in the synthesis, bioactivity, and clearance of the hormone. TSHβ subunit is a protein that in humans is encoded by the TSHB gene. Mutations located within the coding region of the TSHβ subunit gene responsible for hypothyroidism. The normal TSHB gene performs an essential function in normal production of thyroid hormone and the mutation of a TSHB gene is a key step leading to low hormone production. The present investigation was carried out to understand the molecular features of TSHβ protein through In silico characterization by retrieving the protein sequence information from major protein database, analysis of physicochemical properties, prediction of secondary structural elements of normal and mutated TSHβ proteins, tertiary structure prediction and structure visualization of normal and mutated TSHβ. This preliminary analysis forms the base for the detailed understanding of molecular mechanism of TSHβ subunit and further functional analysis of it can pave a new dimension for the treatment of hypothyroidism via structure based drug designing.
Introduction
Hypothyroidism is a common disorder of endocrine system in which the thyroid gland does not produce enough thyroid hormone. The most common cause of hypothyroidism is inflammation of the thyroid gland, which damages the gland's cells. It can affect growth, cellular processes and many other body functions [1] . Hypothyroidism is the commonest clinical disorder of thyroid function [3] . Hypothyroidism can caused by defect in the anatomy of the thyroid gland, abnormal development of the hypothylamus, disorders of the metabolism of the thyroid hormone, iodine deficiency, thyroid surgery, radiation treatment etc. [2] Among the various varieties of thyroid disorder the hypothyroidism is probably the most important, as it is requires an early diagnosis which is usually followed by appropriate therapy that can prevent the onset of brain damage. In a clinic based study from Mumbai out of 800 patients with thyroid diseases 79% had hypothyroidism [12] TSHβ subunit is a protein that in humans is encoded by the TSHB gene. Cytogenetic location of the TSHβ is present at the short arm of chromosome no 1 at position 13. molecular location on chromosome 115,029,824 to 115,034,309bp [4] . TSHβ subunit consist of a 5' untranslated exon and two exons that encode a 138 aa chain that is cleaved into 118 aa mature protein [11] . The normal TSHB gene performs an essential function in normal production of thyroid hormone, and the mutation of a TSHB gene is an essential step leading to low hormone production [5] . TSHB gene mutation prevent the Production of functional thyroid stimulating hormone or its release from the pituitary gland as a result, thyroid hormone production is not stimulated. Leading to low hormone levels that are characteristics of hypothyroidism [15] . Five mutations located within the coding region of the TSHβ subunit gene responcible for hypothyroidism. But most frequent mutation in TSHβ subunit gene leading to a cysteine 105 to valine conversion (C105V) and to a frameshift with a premature stop codon at position 114 [6] . the risk of Hypothyroidism increases. In order to make an impact on Hypothyroidism, we must understand the molecular processes, mutations activating the dominant cellular genes and structure-function relationships of TSH permitted better understanding of the role of specific protein and carbohydrate domains in the synthesis, bioactivity, and clearance of this hormone [7] .
With this detailed understanding of hypothyroidism and literature survey, the present study was carried out to understand the molecular features and role of TSHβ in hypothyroidism using bioinformatics approach like Primary protein sequence comparative analysis of normal and mutated by sequence retrieval from protein databases, Secondary structure prediction and understanding the basic secondary structural elements involved in normal and mutated TSHβ, Comparative studies of tertiary structures of normal and mutated TSHβ by modelling their 3D structures, Analysis of 3D structures of normal and mutated TSHβ with respect to their mutational sites and modifications.
Materials and Methods

Retrieval of protein sequence information of TSHβ
For the study of TSHβ molecule, its amino acid sequence was retrieved from the major protein sequence databases like UniprotKB. The UniProt Knowledgebase (UniProtKB) is the central hub for the collection of functional information on proteins, with accurate, consistent and rich annotation. The sequence obtained was stored in Fasta format with its accession number. 
Analysis of Physicochemical properties
The analysis of physicochemical properties of TSHβ was done by using Protparam tool which allows the computation of various physical and chemical parameters for a given protein stored in Swiss-Prot or TrEMBL or for a user entered protein sequence. The computed parameters include the molecular weight, theoretical pI, amino acid composition, atomic composition, extinction coefficient, estimated half-life, instability index, aliphatic index and grand average of hydropathicity (GRAVY) according to the method of john M. Walker, 2005.
Secondary structure prediction of TSHβ
The secondary structure prediction of TSHβ was carried out by using online secondary structure prediction tool SOPMA. self-optimized prediction method (SOPMA) has been described to improve the success rate in the prediction of the secondary structure of proteins,which gives the information of Alpha helix, beta sheets, extended strands and random coils according methods of Geourjon and Deleage, 1995.
Prediction of Tertiary structure of TSHβ
The Tertiary structure of TSHβ was obtained by using SWISS Model tool at ExPASy by selecting the template with maximum homology and with optimised parameters. SWISS-MODEL is a fully automated protein structure homology-modeling server, accessible via the ExPASy web server, or from the program DeepView (Swiss Pdb-Viewer).
The obtained structure was stored in pdb format for visualization.
Visualization of tertiary structure of TSHβ
The predicted Tertiary structure of TSHβ was visualized by using structure visualization tool Rasmol. RasMol is a computer program written for molecular graphics visualization intended and used primarily for the depiction and exploration of biological macromolecule structures. Visualization was done using different models and formats to understand structural features of TSHβ
Results and Discussion
Retrieval of protein sequence information of TSHβ.
The amino acid sequence was retrieved from protein sequence databases like UniprotKB and NCBI protein database. The sequence obtained was stored in Fasta format with accession_number P01222. The length of the sequence was found to be 138 aa as shown in figure 1(a)(b) . 
Analysis of Physicochemical Properties
The analysis of physicochemical properties of TSHβ was done by using protein prediction tool .ProtParam tool computed that the TSHβ was basic in nature based on theoretical pi and unstable on the basis of instability index.
The positive score indicates a higher hydrophobicity; according to the GRAVY index TSHβ were hydrophilic. Computed parameters for normal and mutated TSHβ were shown in below Table1 and Table2. 
Secondary structure prediction of TSHβ
Secondary structure prediction of TSHβ was carried out by using SOPMA and all the secondary structural elements like 
Prediction Tertiary structure of TSHβ
The Tertiary structure of TSHβ was obtained by using SWISS Model tool by selecting the template with maximum homology and with optimised parameters. The obtained structure was stored in pdb format for visualization. The details of template selected for structure prediction was as shown on table 3(a) (b). 
Visualization of tertiary structure of TSHβ
The predicted Tertiary structure of TSHβ was visualized by using structure visualization tool Rasmol. Visualization was done using different models and formats to understand structural features of TSHβ. The various models were represented as shown in figures 3 & 4. 
